The atmospheric muon and neutrino flux have been simulated using the same approach which 
INTRODUCTION
With the rapidly increasing amount and statistical significance of the data collected by underground neutrino detectors [1, 2] , the precise calculation of the atmospheric neutrino flux is highly desirable, since the interpretation of the data relies on the calculated flux as a fundamental input. In the contained events analysis, the ratio of ratios, namely the ratio of the observed number of muon events to the number of observed electron events with the corresponding ratio of the same numbers from simulation calculations, is not sensitive to the absolute neutrino flux. However, in the analysis of upward going muon events, the absolute flux need to be known accurately in addition to the detailed features of the flux such as the zenithal and azimuthal angle distribution [3, 4] . The availability of calculations of proven validity would discard all possible doubt on the conclusions.
In the past 20 years, various methods including analytical, semianalytical [6, 10] , kinematical [11] and Monte Carlo techniques [7, 8] , have been applied to calculate the atmospheric neutrino flux [5, 6, 7, 8, 9] . However, the accuracy of the results was limited by the accuracy on both the cosmic ray (CR) abundance, and the production cross section of the parent particle ((π
S ) in the collisions of CRs with atmospheric nuclei over the relevant energy range [12, 13] , used in these calculations. These two quantities being basic inputs to the calculations. The analysis and the comparisons made in [14] indicated that the particular choice of the primary spectra and the strong interaction model, as well as the earth geomagnetic field could result in significant differences in the calculated neutrino flux.
The new AMS [15] and BESS [16] measurements of the CR proton flux consistently agree to within 5 %. The values reported are lower than those used in the previous works by about 20 to 25 % [18] . Besides, some analysis [19] showed that the pion production cross sections given by the general purpose softwares based on theoretical models, may largely depart from experimental data.
Although the values of the flavour ratio reported in previous works are very close to each other, the absolute values of the flux obtained in these works fail to be consistent with each other within satisfying precision [14] . In particular, these results seem not to predict quantitatively the observed East-West (EW) asymmetry of the neutrino induced events [30, 31] which is expected to originate from the EW asymmetry of the geomagnetic cut off (GC) on the incoming CR -mainly protons and helium particles here -momentum, due to the earth magnetic field. Any calculation, to be reliable, must reproduce the experimental EW asymmetry since flavour oscillations do not change the direction of motion. This requirement can be taken as a testing ground for the various approaches of the neutrino flux calculations.
With the occurence of the new measurements of the primary CR flux, together with the continuous improvement of the cross section calculations, most approaches have been updated [18, 20, 21, 22, 23] , and new calculations have been proposed [24, 25, 26, 27, 28, 29] . In parallel, experimental groups also made greater efforts aiming to understand the neutrino production process in the atmosphere [32, 33, 34] with the measurements on the muon flux at various altitudes, together with those of the primary proton and helium flux. These new data provided a sounder testing ground for the reliability of the numerical approaches to the particle production and to the particle dynamics and kinematics in the atmosphere and in the earth geomagnetic field.
The work reported here is an extension of a research program which primary motivations were to interpret the AMS01 measurements of the charged particle flux in near earth orbit [15, 35] . To this purpose, an event generator describing the CR induced cascade in the atmosphere, particle propagation in geomagnetic field, and interactions with the medium, has been developed and successfully used to neutrino flux calculated at the location of the Super-Kamiokande detector are discussed in section 5. In the following section 6 the neutrino flux at the Soudan detector location is discussed along the same lines. Summary and conclusions are given in section 7.
METHOD AND MODELS
The method of calculation and the models used in the simulation program are described in [36, 37] .
The main features of this approach are listed below for the reader's convenience, with emphasis on some particular points relevant to the neutrino and muon flux.
The calculation proceeds by means of a full 3D-simulation program. Incident cosmic ray particle are generated at the altitude of 2000 km above earth. The angular distribution generated is proportional to cos(θ), where θ is the zenithal angle, in order to produce a cosmic ray flux isotropic. The geomagnetic cut-off is then applied by back-tracing the particles in the geomagnetic field and only those particles which are back-traced up 10 Earth radii are kept in the sample. The normal particle propagation as well as its back-tracing are performed using the adaptative Runge-Kutta integration method in the Geomagnetic field. The Geomagnetic field model used is the IGRF-2000 [49] .
1. For the incident CR proton and helium flux, functional forms fitted to the 1998 AMS measurements were used [15, 35] . The heavier components of the CR flux were not taken into account in the calculations. For other periods of the solar cycle, the incident cosmic flux are corrected for the different solar modulation effects using a simple force law approximation [40] .
2. Each particle is propagated in the geomagnetic field and could interact with nuclei of the local atmospheric density. The specific ionization energy loss is computed for each step along the trajectory. The model used to describe the atmospheric density was taken from references [48] .
3. Nucleons, pions and kaons are produced in the interactions with their respective cross-sections.
For these particles the Kalinovsky-Mokhov-Nikitin (KMN) parametrization of the inclusive cross sections [44] was used. For pions the KMN parameters have been fit on a wide range of p + A → π ±,0 data between 1.38 and 400 GeV/c incident momenta [19, 45] . Leptons -electrons, muons, and neutrinos -are produced in the decay chains of mesons, mainly pions and kaons, hadronically produced on atmospheric nuclei A in processes of type: CR + A → M + X, M → µ + ν, µ → e + ν +ν. See below for details. It must be emphasized here, that the constraint to reproduce simultaneously the lepton population measurements at various altitudes and geographical coordinates, is extremely strong, and that a successful result would ensure a high level of reliability of the theoretical grounds and of the numerical approach to the problem. 4. Every secondary particle is processed the same way as its parent particle, leading to the generation of atmospheric cascades of particles.
5. For the decay of muons, the spectra of the products (ν,ν, e ± ) are generated according to the Fermi theory.
6. For kaon decay, the Dalitz plot distribution given in [46] is used.
7. Muon polarization was taken into account for pion decay and for the K ± → µ ± ν µ (ν µ ) channel [8, 47] . all the data together, a correct normalization (to the exposure time which corresponds to the lowest energy bin) procedure was applied before analysis.
ATMOSPHERIC MUON SPECTRA
As it was mentioned above, atmospheric muons are produced in the decay chain of pions and kaons produced in the collisions, i.e., in the same reaction chain as neutrinos. A successful reproduction of the muon flux in the atmosphere is thus a further support to the reliability of the neutrino flux calculated in the same framework, physical conditions and computational environment. This is true as well for the electron-positron flux. For the latter, the present approach has allowed to successfully reproduce the AMS measurements of the e ± flux and of their latitude dependence, in near earth orbit recently [37] (see [41] for the e ± in the atmosphere). The results on the muon flux are presented in this section.
It must be emphasized first that the muon experimental observables, namely the energy dependence of the flux at various altitudes, are not available for neutrinos. Therefore they offer a test ground for flux calculations which is more sensitive to the various elements of the calculations than the neutrino observables discussed below. For this reason they deserve to be investigated with care. Figure 1 shows the calculated muon flux compared to the data measured by the CAPRICE and HEAT experiments [33, 32] at various altitudes (left), and the ratios of the simulated to measured The energy distribution of the cumulated probability for the incident CR protons to produce downward-going muons close to zenith in different energy bins and for different altitudes, is illustrated in figure 2 . The corresponding mean values of the primary proton energy are tabulated in Tab. (1) .
Negative muons
From figure 2, it is easy to see that the cumulative probability curves shift gradually toward the high energy region with the decreasing altitude, while the distances between the curves are compressed. figure 3 and figure 18 show that,
A. at the highest float altitude, the simulated muon flux is most sensitive to the pion production cross section used in the simulation and hence, the higher altitude muon flux data can thus be taken as a good test of this cross section.
B. in contrast, at around sea level, the low energy muon flux should be more sensitive to the proton/neutron production cross section because on the average:
1. The low energy muon pathlength is roughly on the km scale, and the muons measured at sea level are thus produced at relatively low altitude.
2. Above 10Km, about 5 collisions have occured. In these collisions, more secondary protons/neutrons are produced, that can contribute largely to muons parent meson production.
Secondary proton contribution
The ratios of the muon flux originating from primary CRs and from secondaries respectively, to the total flux, are shown on figure 3 . The flux are nearly vertical and the corresponding normalization area are the same as those shown in figure 1 for the three altitudes.
This figure shows as it could be expected from simple collision rank considerations, that in the whole muon energy range, at the highest float altitude, more than 98% muon flux originate from primary CRs. At intermediate altitudes, the flux induced by secondaries decreases continuously with the energy from about 60% at 0.2 GeV down to about 20% at 10 GeV, while at around sea level, the same trend is observed with a slower decrease with energy. Figure 4 shows the calculated µ + flux compared to the measured data from the CAPRICE and BESS experiments. The agreement with the BESS 99 data at mountain altitude [17] is very good, but in the low (below1.0GeV) and high (beyond 10.0GeV) energy range, the departure is obvious. This may result from the overestimation of the secondary proton/neutron production cross section at low energy and pion/kaon production cross section at high energy. 
Positive muons

PROPERTIES OF NEUTRINO SPECTRA
In this section, the characteristics of the simulated neutrino spectra, averaged over the whole detection surface, for three bins of geomagnetic latitude and integrated over 4 π solid angle, are described in details. The detection sphere is defined at 0.372 km, the altitude of the Super-Kamiokande detector.
Some features having important implications for underground experiments, are emphasized.
Absolute flux and flavor ratios
The calculated flux are shown in figure 5 for three bins of geomagnetic latitude. The corresponding ratios of flux are shown on figure 6 , where it is seen that the flux increases with the geomagnetic latitude in the low energy (< few GeV) range. At 0.1 GeV, the difference between the flux at low and high latitudes can be more than a factor of 2. However, this difference decreases with the increasing particle energy, vanishing beyond a few GeV. This reflects the effect of the geomagnetic field. Indeed, the mean primary particle energy associated to 1 GeV neutrino production, is about 60 GeV (see below), a value at which the effects of the geomagnetic cutoff (GC) are small. Figure 6 shows that the flavor ratios for low, middle and high latitudes are very similiar to each other. The ν µ /ν µ is flat through energy range, with its value near about 1.2. ν e /ν e decreases steadily from nearly 2 to about 1.2 -overlap with ν µ /ν µ at high energy end, while (ν µ +ν µ )/(ν e +ν e ) rises up steeply above about 3 GeV. Large difference for ν e /ν e from the previous works is seen here (See [8] for comparisons).
These features can be easily understood in terms of the productions of π and of the muon kinematics. The ratio ν e /ν e is principally controlled by the ratio of π
The ratio (ν µ +ν µ )/(ν e +ν e ) is sensitive to the muon decay kinematics. The variation of ν µ /ν µ with energy is thus determined by both π + /π − (K + /K − ) production ratios and the muon decay kinematics. Because of the Lorentz time dilation, more higher energy muons do not decay while crossing the atmosphere. Hence, the ν e (ν e ) production (resulting from muon decay) is lesser than for ν µ (ν µ ), since a ν µ has been produced in association with the µ in the π decay, resulting in a (ν µ +ν µ )/(ν e +ν e ) ratio rising up with the neutrino energy.
Here, two points should be noted. First, the ν e /ν e ratio at low energy should be expected to be larger since the largest production ratio of π + /π − is at low incident CR energy (see [54] for example). Second, the ν e /ν e ratio should decrease to overlap with ν µ /ν µ at high energy with their values approaching to 1.0. This is because at high incident primary energy, the production ratio of π + /π − and K + /K − approaches to 1.0 [55] , and most of the high energy muons from which the high energy ν e andν e come will not decay before reaching the detection sphere. So, the ν µ flux is dominanted by the π + decay while theν µ flux is dominanted by π − decay. And hence, at very high energy,
Such characteristics can be seen clearly in figure 6.
Contribution from the incident CR He flux
The calculated total neutrino flux is compared on left figure 7 with the contribution induced by the CR Helium (He) flux and with the total kaon decay contribution. The corresponding flavor ratios are also shown on the same figure (right panel), where it is seen that the contribution of the CR He flux to the total neutrino flux is about 10% through the whole energy range.
This contribution is constrained by both the CR He spectral abundance and the He induced pion multiplicity in nuclear collisisons. Around 20 GeV per nucleon incident energy, where the neutrino production around 1 GeV is maximum (see discussion below and [14] ), the CR He flux is about 5% of the p flux, this fraction decreasing slowly with the increasing primary energy. Experimentally, the pion multiplicity increases with the mass of the projectile according to a known law [44] . For the α + C reaction at 4 GeV/nucleon, it is about 3 times the p + C value at the same incident energy [50] .
These numbers are in qualitative agreement with the 10% contribution to the neutrino flux found to arise from the He flux, assuming that the proton induced helium contribution is small. This result is also consistent with the previous work on the AMS lepton data by the authors [37] .
The difference between the contributions of CR He to the (ν e +ν e ) and (ν µ +ν µ ) flux ratios is very small as seen on lower left figure 7. For the flavor ratio of the He flux contributions shown on middle right figure 7, they have a similar energy dependence as the total flux, as it could be expected (top).
Contribution from secondary Kaons
At low energies the neutrino flux mostly results from π decay in account of the dominance of the pion production. The Kaon decay contribution increases however with the increasing incident energy and the K production cross section, and finally dominates the production for very high energy neutrinos.
This is shown on left figure 7 where the kaon decay contribution to the total neutrino flux (bottom left) is seen to increase continuously from about 2-3% at 0.1GeV up to ≈15% for (ν e +ν e ), and ≈20%
for (ν µ +ν µ ), above 20 GeV. This results is in agreement with [8] .
The energy dependence of the flavor ratio for the kaon decay contribution to the neutrino flux is a little different from the averaged value (bottom right panel on figure 7 ). The ratio ν e /ν e decreases slowly with the increasing energy from 1.7 at 0.1 GeV down to about 1 at 10 GeV, while ν µ /ν µ increases continuously from 0.9 at 0.1 GeV up to about 2.1 at 10 GeV. In contrast with the individual flavor ratios, the (ν µ +ν µ )/(ν e +ν e ) ratio grows rapidly from 1.8 at 0.1 GeV up to about 5 at 10 GeV.
These differences principally result from the K + to K − production ratio being larger than for π + to
Another noticeable feature of the kaon decay contribution is that, below 0.4 GeV neutrino energy the ratio (ν µ +ν µ )/(ν e +ν e ) is less than 2. This can be understood from the K 3eν decay mode having always larger a branching ratio than the K 3µν mode. In particular, for K 0 L , the K 3eν channel is the dominant decay mode [46] .
Contribution of atmospheric secondaries to the neutrino flux
The contribution of the atmospheric secondary flux is compared on figure 8 with that of the primary component. It is seen that, at 0.1 GeV, about 50 % of the neutrinos come from secondary proton/neutron induced reactions, this fraction decreasing to about 20% at 50 GeV.
The ratio of the secondary contribution, ν e /ν e is larger than for the primary contribution. This is because of the larger flux of low energy secondaries due to the larger π + /π − production ratio at low incident energy.
The distribution of the rank in the cascade of the neutrino producing collision is plotted on figure 9 [36]. The rank is defined as the number of collisions taking place before the neutrino is produced. It is 1 when the neutrino is produced from the incident cosmic ray interaction. The figure shows that, on the average, about 2.4 collisions occur for the parent pion or kaon to be produced. This effect is more sensitive for the low energy region of the neutrino spectrum. 2) Conversely, for a detection point at the equator, the zenith angle cos θ ∼ − √ 2/2 points to particles coming from the poles (although for a narrow azimuthal angle region only) where the GC is minimum and hence the observed neutrino flux is expected larger around this angle.
The zenith angle dependence of the flavor ratios is modulated clearly by the π + /π − production ratio, GC and the muon decay kinematics. Interestingly, in low energy bins, the ν e /ν e dependence on the zenith angle displays a similar behaviour as observed for the flux. In addition to its dependence on the GC, this feature is also related to the pion multiplicity. Because the production ratio for π + to π − is larger below 10 GeV [45] , the incident CR flux within this energy range which contributes a large fraction of low energy neutrinos, is very sensitive to the GC, and hence the ν e /ν e changes acordingly with the geomagnetic latitude and zenith angle.
The ν µ /ν µ distribution is flat in low energy bins but behaves similarly as (ν µ +ν µ )/(ν e +ν e ) at high energies. For both the downward and upward flux, it is expected that the ν µ /ν µ ratio approaches asymptotically the π + /π − production cross section ratio at the limit of infinite muon lifetime.
The (ν µ +ν µ )/(ν e +ν e ) ratio displays a clear dependence on the zenith angle, with a symmetric up-down distribution, increasing from a minimum around the horizontal direction to a maximum for vertical incidences, the larger the energy bin, the more dramatic being the variation. This is because muons coming in horizontal directions have long pathlengths in the atmosphere and then enough time to decay, producing a ν µ −ν µ pair and a ν e (ν e ) for each pion decay. The situation is different for muons moving downward or upward, since the flight path available is much shorter. In this case, a fraction of high energy muons do not decay before reaching the earth and then do not contribute to the ν e (ν e ) flux, wherefrom a larger (ν µ +ν µ )/(ν e +ν e ) ratio. The larger the muon energy, the larger the effect.
Azimuth angle distributions and geomagnetic latitude dependence
The are dominated by two peaks located symmetrically at the East (E) and West (W) azimuth angles, but with different heights. These latter features are clearly related to the dipole nature of the earth magnetic field for the E and W peaking, and to the GC for the EW asymmetry. It is also seen that the EW asymmetry decreases as expected with the increasing energy.
For intermediate geomagnetic latitudes (figure 14), the West peak appears dampen and wider compared to low latitudes, while the East peak is even fainter and disappears in the high energy bins.
The two-peaks pattern reappears with nearly equal heights at high latitude ( figure 15 ). This latter symmetry was expected since the GC disappears in the polar region.
For the azimuth angle distributions of the flavor ratios, it can be noted that the ν e /ν e ratio is strongly EW asymmetric with a broad enhancement on the West side at low and intermediate latitudes. The opposite trend is observed for the ν µ /ν µ ratio, while the (ν µ +ν µ )/(ν e +ν e ) ratio is found to be almost structureless at all latitudes.
The reason for these features is similar to that of zenithal angle dependence. The latitude dependence of the zenith and azimuth angle distributions reflects the characteristic of the geomagnetic field and reminds us that an appropriate treatment of the geomagnetic field is required to account for the upward going muon event data and for the east-west asymmetry. Besides, detailed simulation for detectors at different locations is needed to provide a sensitive investigation of the geomagnetic dependence of the measurements.
Cosmic Ray parent proton energy distributions
The incident CR proton energy distribution inducing the neutrino flux are shown on figure 16 for neutrino energies around 0.3, 1, 3, and 10 GeV. The distributions are given for ν e +ν e and ν µ +ν µ .
They are averaged over the whole detection sphere and 4π solid angle, and presented as cumulative probabilities for neutrinos within the energy bins to be produced by protons with an energy below the value given in abscissa, and energy distributions normalized to 1.
At variance with the results of [18] , the mean energy of the primary proton flux producing 0.3 GeV (ν e +ν e ) obtained in these calculations, appears to be hardly smaller than the for (ν µ +ν µ ) in the same energy bin. The difference becomes larger with the increasing energy however. The mean values of the proton distributions of the figure are given in Table 3 gives for comparison, the mean energy of the (ν e +ν e ) and (ν µ +ν µ ) neutrino spectrum produced by protons within the indicated energy bins.
Tab. (3) shows that the mean energy value of the produced neutrinos is found to be always smaller for (ν e +ν e ) than for (ν µ +ν µ ) for the higher energy bins of the incident protons. This is consistent with the fact that in the decay chain π ± → µ ± + ν µ (ν µ ), µ ± → e ± + ν e (ν e ) +ν µ (ν µ ), the ν e (ν e ) particle shares the energy of decaying µ ± which momentum is equal to that of the first ν µ (ν µ ) in π ± center of mass frame with e ± and anotherν µ (ν µ ). The energy-momentum conservation implies that the ν e (ν e ) energy is on the average smaller than the mean energy of the twoν µ (ν µ ). On figure 16 , it is seen that low energy primary protons contributes more to (ν e +ν e ) than to the same energy (ν µ +ν µ ) production. This is easy to understand if we note that higher energy muons which are produced by higher energy primaries on the average, do not contribute to electron neutrino, but accompany with them, a muon neutrino has been created in pion decay. Even at low energy, this process can happen near the detection surface, and so the mean primary proton energy for muon neutrino production is raised up. The distribution of the neutrino production altitude is plotted in figure 17 , where about 90% neutrinos appear to be produced between 5 and 40 km altitude, with the most probable production altitude being within the 15-20 km range. These numbers are consistent with the previous 1-dimensional analysis [52] . Below a few kilometers, the production distribution tends to flatten, governed by the absorption rate, while beyond 40 km, it drops following the atmospheric density profile. Table 4 lists the average production altitudes corresponding to different neutrino energy bins.
Neutrino production altitudes
The average electron neutrino production altitude appears to be a little below that of muon neutrinos, From figure 18 , we find that, on average, the second collision take place at about 19Km height and the third collision at about 15Km. In addition, below 4Km altitude, there is almost no meson producing collision because the initial CR energy has been damped through the cascade and most particles produced below this altitude are below the pion production threshold. The degeneracy of the curves shown in figure 20 for the 4 flavors can be easily understood by looking at figure 17 and table 4, the scales of the peak production altitude and the difference of the production altitude for different flavors are so small in comparison with the earth diameter that it can be negligible.
Neutrino flying distance
3-Dimensional effects
The normalized distributions of angles between the directions of the incident CRs at the first collision and of the neutrinos in the end of the reaction chain, averaged over the whole detection sphere and 4
π solid angle, are plotted on figure 21 for three energy bins.
The mean values corresponding to the different energy bins are listed in table 5 . These values indicate that the 3-dimensional effects are not important for GeV neutrinos, which is consistent with the general expectation and the result reported in [24] .
The mean angles between the momenta of : 1)-the incident CR proton (at the first collision) and the pion-producing secondary proton (at the nth collision in the cascade), 2)-The incident proton (called pion parent) and the produced pion in the production collision (production angle), and 3)-
The muon parent (π or K) and the produced muon, are given in tables 6 and 7, for different neutrino energy bins. From these numbers it appears that large deviations of the particle directions occur at the pion production level and only at low energy.
E νe(νe) (GeV ) 0. Hence, it is confirmed that the 1-dimensional approximation used for GeV neutrinos in the previous calculations/simulations [6, 8, 7, 9] was an acceptable approximation.
NEUTRINO FLUX AROUND THE SUPER-KAMIOKANDE DETECTOR
In this section, the features of the atmospheric neutrino flux at the geograhical position of the SuperKamiokande (SuperK) detector are investigated. The detection sphere was defined at 0.372 km alti- 
Flux and flavor ratio
The calculated energy distribution of the atmospheric neutrinos flux and the ν/ν flux ratios around the SuperK detector, averaged over 4π solid angle, are compared with the results of Honda et al. [8] on figure 22 , for the various flavours. The flux obtained in the present work appears to be significantly smaller than in the 1-Dimensional calculations over the low energy range.
The 0.1-20.0GeV neutrino energy spectra simulated for Super-Kamiokande experiment location is tabulated in Tab. (8) . It is noted that they can be fit to the function form of
very nicely, where f (E ν ) is the flux, E ν the neutrino energy, and c 1 , c 2 , c 3 and c 4 are fitting parameters given in Tab. (9) .
The function form is easy to have us recall the correlation between neutrino spectra and the primary crosmic ray spectra, and also the strong interaction production of pions and kaons. For the flavor ratio, our (ν µ +ν µ )/(ν e +ν e ) is similiar to that reported in [8] , but ν e /ν e differ evidently from all the previous 1-dimensional calculation summarized in figure 12 of [8] .
From the figure 1 and the figure 4 , it is easy to see that, the positive muon flux is overestimated in our simulation, which inheritedly raise the ν e /ν e ratio. This observation can explain partially the big difference.
However, as explained in the end of section 4.1, it is believed that the tendency of decreasing ν e /ν e with energy should be expected because of the constraint on the π
the relevant data. The zenith angle distribution of the flux and of the flavor ratios are shown on figure 23 , where the enhancement of the flux in horizontal directions discussed in section 4.5 is observed, in qualitative agreement with [22] . In the low energy bin, the maximum of this enhancement is about twice the downward or upward going flux out of the horizonthal plane in the low energy bin. Again, it can be seen on the figure (right panel) , that the flavor ratio (ν µ +ν µ )/(ν e +ν e ) also depends on the zenith angle, especially for high energy neutrinos, for the same reason as given previously.
Azimuthal angle distribution
The azimuth angle distribution of the flux and of the flavor ratios are shown on figure 24 for the four neutrino species. The large angular binning used in the figure was dictated by the low counting statistics obtained, even for very long computer time used for running the simulation program. The
East-West effect discussed previously in section 4.6 is clearly observed here, more prominent for low energy neutrinos. The EW asymmetry discussed below has been estimated on the basis of these distributions.
Estimate of the East-West asymmetry
In addition to the atmospheric muon flux, the EW asymmetry measurements provide an important global test of the reliability of the overall approach. Since muons are charged particles, having finite lifetime, and losing energy during their flying in the atmosphere, while neutrinos have none of these features, these differences make the relation between muon and neutrino flux a complicated issue [12] .
However, the EW asymmetry is independent on the physics beyond the standard model and is not expected to depend on the neutrino mass or oscillations. A reliable simulation should thus be able to reproduce the experimental EW asymmetry data quantitatively.
For the asymmetry parameter A EW defined as: In order to obtain the A EW value precisely, the 3-Dimension differential neutrino reaction cross section [57, 58] needs to be known. The asymmetry A EW however could be estimated by using the following procedures:
1. Evaluate the energy of the neutrinos which can induce lepton events over the same range as selected by superK, i.e., 0.4 to 3 GeV. The leptons with momentum p l ∼ 100 MeV/c, appear to carry 65% of the incident neutrino energy, this proportion increases to ∼ 85% for p l = 1 GeV/c [1] . It can be assumed that the fraction keeps on increasing and asymptotically tends to 100%. Based on this supposition, the corresponding neutrino energies of about 0.55 and 3.1 GeV associated to the 0.4 and 3 GeV lepton events are obtained respectively.
2. Estimate the production angle of the neutrino induced lepton. This can be done following [31] , by noting that the interested neutrino energy range is above 0.5 GeV within which there is no o at p l = 1.5 GeV/c as reported in [1] , and fit them as a function of the neutrino energy, assuming that the angle smoothly tends to zero as expected from basic kinematics.
3. For each neutrino with energy between 0.55 and 3.1 GeV, lepton events are randomly generated with the scattering angle relative to the neutrino direction estimated as above, and with a uniform distribution for the azimuth angle. After weighting by the energy dependent cross section [59, 60, 26] and application of a normalization procedure, the events with | cos(θ l ) |≤ 0.5 are selected to calculate the asymmetry parameter.
Using the above procedure, the following values are obtained for the EW asymmetry parameters for e-like and µ-like events around the Super-Kamiokande detector: In comparison with the data [30] and other simulation result [31] , the present calculations departs further from the data. It can be noted that, the present overestimated ratio of π + /π − may affect this prediction. More works is still needed to clear this problem. 
Flux and flavor ratio
The energy spectra and energy dependence of flavor ratios, averaged over 4π solid angle are shown in figure 25 . Due to the relatively high geomagnetic latitude of the the Soudan detector location, and hence to the lower geomagnetic cutoff, the calculated neutrino flux are much higher than found for Super-K.
Also, the 0.1-20.0GeV neutrino energy spectra simulated for Soudan experiment site is tabulated in Tab. (10 
Zenith angle distributions
The calculated zenithal angle distributions are shown in figure 26 , for the same energy bins as previously, where the high geomagnetic latitude feature of such distribution illustrated in Section 4.5 is evident. Figure 27 shows the azimuth angle distributions of the atmospheric neutrino flux around the SOUDAN detector, based on which the EW asymmetry parameter for neutrino flux and lepton events in the detector are also estimated along the same lines as for the superK experiment.
Azimuth angle distributions
The EW asymmetry for the lepton events is predicted as 
CONCLUSION AND DISCUSSION
In summary, the atmospheric neutrino flux has been simulated by means of an event generator dedicated to the general Cosmic Ray -Atmosphere interactions, developed to account for the AMS01 results, originally. The successful calculations reported previously on the hadron and lepton flux close to earth, strongly support the method and the models used.
In this work, the CAPRICE and HEAT muon flux data measured at various altitudes in the atmosphere, from about sea level to 38km have been successfully reproduced, providing further grounds to the correctness of the approach.
The significant lower absolute flux than the old 1-dimensional simulation [8] result in the low energy range is reported here. Also, the ν e /ν e ratio is largely different from all the old calculations.
Detailed features of the neutrino flux: zenithal and azimuthal angle distribution and flavor ratios at different latitudes, corresponding energy distributions, production altitude and production angle distributions, have been calculated and discussed. The components originating frm Cosmic Rays and from the atmospheric cascade have been distinguished and discussed separately. All the observed features of the calculated flux could be traced back to the primary spectra, π + /π − (K + /K − ) ratio, muon kinetics, geomagnetic effect, and geometry. A complete comparison of the parametrizations used to describe the various hadronic production channels wit the available data will be reported in details later.
